Our previous studies have shown that Qing-Re-Huo-Xue (QRHX) formulae had significant anti-inflammatory effects in chronic airway diseases such as asthma and chronic obstructive lung disease. Here, we examined the effects of QRHX on lung cancer cell invasion and the potential associated mechanism(s), mainly polarization of macrophages in the tumor microenvironment. In vivo, QRHX both inhibited tumor growth and decreased the number of tumor-associated macrophages (TAMs) in mice with lung cancer. Further study indicated that QRHX inhibited cancer-related inflammation in tumor by decreasing infiltration of TAMs and IL-6 and TNF-production and meanwhile decreased arginase 1 (Arg-1) expression and increased inducible NO synthase (iNOS) expression. QRHX could markedly inhibit CD31 and VEGF protein expression. Additionally, CXCL12/CXCR4 expression and JAK2/STAT3 phosphorylation were reduced in QRHX treatment group. Thus, we draw that QRHX played a more important role in inhibiting tumor growth by regulating TAMs in mice, which was found to be associated with the inhibition of inflammation and the CXCL12/CXCR4/JAK2/STAT3 signaling pathway.
Introduction
Lung cancer is the most common cause of cancer-related deaths in men and women globally and with the highest rate of morbidity and mortality [1] . In 2014, about 1.5 million new patients were diagnosed worldwide and approximately 1.6 million die of this disease every year [2] . Non-small-cell lung cancer (NSCLC), accounting for 80% of lung cancer, has a dismal five-year survival at 15% and even worse, patients with advanced NSCLC, if left untreated, have a median survival of 4-5 months after diagnosis [2, 3] . During the past decades, new treatments, such as minimally invasive, surgery, targeted therapy, adjuvant chemotherapy, and individualized therapy, have been applied but have a less important effect in improving the overall 5-year survival, especially in the advanced stage [4] . Nonetheless, all above therapies have focused on tumor cells.
However, uncontrolled growth in tumors, invasion, and metastasis cannot be elucidated solely by aberrations in cancer cells themselves. Over the past few decades, a major paradigm shift happens to cancer therapy and a great deal of effort has been put forth to develop therapies that target the tumor microenvironment. Accumulating evidences suggest that the alterations that occur in the stroma around a tumor prove useful in antiangiogenesis, antitumor metastasis, and prognosis [5] . Nontumoral cells, including stromal cells (fibroblasts, endothelium cells, etc.) and leukocytes, are a prominent component of solid tumors [6] . Tumor-associated macrophages (TAMs), an important component, acquire a distinct, tissue-specific phenotype in different microenvironments and have both anti-and protumor effect due to two distinctly different polarization, respectively, referred to as "classical" (or M1) and "alternative" (or M2) activation [7] . In tumor microenvironment, TAMs are primarily polarized 2 Evidence-Based Complementary and Alternative Medicine toward a M2-like phenotype, which have the ability to promote the growth and vascularization of tumors. Collective evidences demonstrate that the dual roles of TAMs have been demonstrated both in vitro and in vivo in different tumor models [8] . Moreover, clinical studies make strong cases that TAMs, characterized by M2 phenotypes, are poor predictors of prognosis and progression in numerous malignancies [9] .
TAMs also profoundly influence the effects of conventional treatment modalities (chemotherapy and radiotherapy), targeted drugs, antiangiogenic agents, and immunotherapy, including checkpoint blockade [10] . Therefore, TAMs are essential for effective therapy and M2-like TAMs are considered to be potential target for adjuvant anticancer therapies. In addition, extensive studies have been carried out to declare that approaches targeting M2-like TAMs have gained encouraging results. Thus there is a growing appreciation that skewing TAM polarization away from the M2-to M1-like phenotype is of great importance.
Accumulated data indicates that traditional Chinese medicine (TCM) plays a pivotal role in regulating tumor microenvironment, including remodeling immunosuppressive microenvironment, hypoxia microenvironment, angiogenesis/lymphangiogenesis, and extracellular matrix [11] . Qing-Re-Huo-Xue (QRHX) formulae consist of a 1 : 1 mixture (w/w) of Radix Paeoniae Rubra and Scutellaria baicalensis. The above formula is frequently used in treatment of chronic inflammatory diseases in the respiratory system and immunocompromised diseases in TCM. Increasing evidence revealed that QRHX and its components, extracts, and derivative have the ability of anticancer and anti-inflammation [12] [13] [14] . Nevertheless, there are no reports which concerned the alleviated effects of QRHX on macrophagemediated lung cancer. In the present study, we aimed to investigate the relevance between macrophage polarization and the antitumor effect of QRHX in mice.
Methods

Animal.
Male C57BL/6J mice (5 weeks old) were purchased from Shanghai SLAC Co. (Shanghai, China) and housed in separate stainless steel cages (six mice per cage) at constant temperature (23 ∘ C) with a 12 h light/dark cycle had free access to water and food. All procedures of this study were approved by the Fudan University Animal Care and Use Committee (number 2015000518547).
Reagents.
The following antibodies were used: VEGF, abcam46160 and abcam1613; CXCR4, abcam124824; CXCL12, abcam25117; p-JAK, CST3717; CD31, abcam28364; inducible NO synthase (iNOS), abcam15323; arginase 1 (Arg-1), CST385; CD11b, abcam1211; CD206, abcam64693 and abcam8918; Alexa Fluor 488, ALEXA21202 and 594 and ALEXA21207.
QRHX Preparation Chemical Constituents Identification.
QRHX, a two-herb Chinese medicinal formula, is comprised of Radix Paeoniae Rubra and Scutellaria baicalensis. QRHX granules (batch number: 1211301) were prepared and supplied by Jiangyin Tianjiang Pharmaceutical Co. Ltd. Briefly, their component herbs were admixed in the prescribed proportion, which were soaked in distilled water (1 : 10 w/v) for 2 h and extracted at 100 ∘ C for twice (1 h each time). Then the decoction was filtered and concentrated to the extract with a relative density 1.13 at 60 ∘ C. After spray drying, the drying powder was blended thoroughly and made into 18-40 mesh particles. The granules were stored at 4 ∘ C and dissolved in distilled water of double volume before use. To ensure standardization and maintain interbatch reliability of QRHX, chemical ingredients of QRHX were separated and identified by high-performance liquid chromatography quadrupole timeoff light mass spectrometry ultraviolet (HPLUNG CANCER-Q/TOF MS-UV). Briefly, 8 chemical components were, respectively, identified as major material basis in QRHX (Supplementary Figure 1 and Table 1 The cells were grown in 75 cm 2 culture flasks and harvested in a solution of trypsin-EDTA at the logarithmic growth phase.
Subcutaneous Models and Drugs
Administration. LLC cells were harvested by a brief treatment with trypsin/EDTA and then resuspended in DMEM with 10% FBS. Then cells were washed with cold PBS by centrifugation and resuspended in PBS to the concentration of 1 × 10 7 /mL and kept on ice before used. The male mice were randomly divided into two groups ( = 12, each group), including NS and QRHX groups. Tumor cells (2 × 10 6 cells in 0.2 mL PBS) were injected subcutaneously into the right of the back. After 10 days, tumor size was measured twice weekly by a digital caliper and was estimated as ( 2 × )/2, where is the large diameter and is the small diameter of the tumor. Twenty-four hours after establishing model, mice were administered by intragastric (i.g.) in 0.2 mL volume for 24 consecutive days to different groups with QRHX and normal saline (NS) respectively and then sacrificed at day 24 after injection.
Enzyme-Linked Immunosorbent Assay (ELISA).
Concentrations of serum IL-6 and TNF-a were measured using an ELISA. The blood sample was stored at room temperature for 2 h, centrifuged (5000 rpm) for 30 min, and then cryopreserved at −80 ∘ C. The concentrations of IL-6 and TNF-a were measured using a sandwich ELISA kit (Multisciences, China). to the manufacturer's instructions followed by detection by a FACSCalibur instrument (BD Bioscience).
Flow Cytometric
Western Blot Analysis.
Total protein was extracted from the cells using a RIPA kit (Beyotime, China). Cell debris was removed by microcentrifugation, and supernatants were quickly frozen. The protein concentration was determined by BSA method. And then the protein was electrophoresed on a polyacrylamide gel and transferred to a PVDF membrane. Next, the membranes was incubated 1 h-1.5 h with 5% milk at room temperature and then incubated overnight at 4 ∘ C with a 1 : 1000 or 1 : 500 dilution of corresponding primary antibodies. Blots were again washed three times with Trisbuffered saline/Tween 20 (TBST) and then incubated with a 1 : 5000 dilution of HRP-conjugated secondary antibody for 1 h at room temperature. Blots were again washed three times with TBST and then developed by enhanced chemiluminescence. Band intensities were quantified using UN-SCAN-IT gel analysis software (version 6).
QT-PCR.
Total RNA was extracted with Trizol reagent (Ambion, Thermo), and reverse transcriptionwas performed to obtain the cDNA using the PrimeScript RT Reagent Kit (Takara, Japan), according to the manufacturer's protocol. The primers used were synthesized by (Sangon Biotech, China). These queues were as follows: iNOS: 5 -GTT-CTCAGCCCAACA ATACAAGA-3 (forward) and 5 -GTG-GACGGGTCGATGTCAC-3 (reverse); IL-6: 5 -GATACC-ACTCCCAAC AGAC-3 (forward) and 5 -CTTTTCTCA-TTTCCACGAT-3 (reverse); CCL22: 5 -AGGAAGGC TTG-GCTTTTAGG-3 (forward) and 5 -TGGTACCTTGCA-GGCTCTCT-3 (reverse); TNF-: 5 -ACGGCATGGATC-TCAAAGAC-3 (forward) and 5 -GTGGGTGAGGAGCAC-GTAGT-3 (reverse); GAPDH: 5 -AAATGGTGAAGGTCG-GTGTG-3 (forward) and 5 -AGGTCAATG AAGGGGTCG-TT-3 (reverse). Quantitative real-time PCR (QT-PCR) was A subcutaneous mouse model was established and treated with QRHX or NS as described above. Blood was collected from each mouse, and the serum concentrations of the proinflammatory cytokines IL-6 and TNF-a were detected by ELISA. Student's -test was used to determine the statistical significance, * * < 0.01.
performed using SYBR green reaction mixture in the ViiA6 7 Real Time PCR System (Bio-Rad, MiniOpticon). The relative expression levels were calculated using 2−ΔΔCt methods.
Immunofluorescence (IF).
Cryostat sections were fixed and permeated. CD11b and CD206 antibodies for mice tumor tissue were used, followed by Alexa Fluor 488 (ALEXA) or 594 (ALEXA).
Immunohistochemical Analysis.
IHC stain was performed using a two-step EnVision/HRP technique according to the manufacture's instruction. For three slides, cytoplasm stained with brown was scored as positive. The expression of CD206, CD31, and VEGF was quantitatively evaluated using Olympus Cx31 microscope with Image-Pro Plus medical image analysis system. The digital images were captured using a digital camera (Canon A640). The positive area and OD of CD206 and VEGF positive cells were evaluated by Image-J software and determined by measuring three randomly selected microscopic fields for each slide. The IHC index was defined as average integral optical density (AIOD) (AIOD = positive area × OD/total area). CD31, a marker factor in vascular endothelial cell, was positively correlated with microvascular density (MVD). Then we counted the MVD by detecting the expression of CD31 antibody in tumor tissues by immunohistochemistry method. Firstly, at low power field (×40), three most intense tissue sections were selected each slice and then at high power field (×100), MVD counts of these areas were evaluated. Finally, the mean microvessel counts of the three most vascular areas were regarded as MVD.
Statistical Analyses.
Data were from three independent experiments and expressed as mean ± SEM. Statistical analyses were performed by the one-way analysis of variance (ANOVA) for differences among different groups. About comparison of two groups, Student's -test was used. All analyses were undertaken using GraphPad Prism6. < 0.05 was considered statistically significant.
Results
QRHX Inhibits Tumor Growth in a Subcutaneous Mouse
Model. In order to explore the role of QRHX in tumor growth in vivo, subcutaneous mouse model was established by subcutaneous injection of LLC in left extremity auxiliary. Mice were sacrificed at the end of treatment. As shown in Figure 1 , the tumor volumes were performed on days 10, 13, 17, 20, and 24. In NS group, the tumor volume gradually increased in a time-dependent manner (Figure 1(a) ). However, treatment with QRHX significantly suppressed the tumor volume (Figure 1(a) ). The final tumor weight on day 24 after the start of treatment showed a significant decrease in the QRHX group compared with NS control (Figure 1(b) , < 0.01). These data suggested that QRHX could dramatically inhibit tumor growth in vivo.
QRHX Suppresses Cancer-Related Inflammation in Lung
Cancer. Numerous studies have indicated that cancer-related inflammation promotes the development of tumor [15, 16] . In addition, some proinflammatory cytokines, such as IL-8, IL-6, and TNF-a, have been shown to ultimately facilitate cell invasion and metastasis [15] . Therefore, we used an ELISA assay to examine serum levels of the two proinflammatory cytokines IL-6 and TNF-in peripheral blood. Serum IL-6 and TNF-levels were lower in mice treated with QRHX compared with those receiving NS treatment (Figure 2 , both < 0.01). These data demonstrated that QRHX decreased the production of proinflammatory cytokines.
QRHX Reduces the Accumulation of TAMs in Lung Cancer.
In order to ascertain the effects of the QRHX on TAMs, M2-like macrophage phenotype, we used flow cytometry, IF, and IHC assay to examine CD206 expression. As shown in Figures 3-6 , our results revealed that CD206 expression was dramatically expressed in tumor tissue. Compared to NS group, oral administration with QRHX led to a prominent inhibition in TAMs (Figures 3-6 , < 0.01). These data demonstrated that QRHX had a more significant role in impeding accumulating and reducing the number of TAMs in lung cancer.
QRHX Alters Hallmarkers of M1 and M2 Macrophage in Lung Cancer.
To further confirm the role of QRHX in TAMs, we analyzed the level of Arg-1 protein, M2 marker, and the mRNA expression of M1 marker iNOS. After QRHX treatment, Arg-1 level decreased (Figure 7(a) , < 0.01) and iNOS level increased (Figure 7(b) , < 0.05). Accordingly, these results strongly supported the inhibitory effect of QRHX on suppressing TAMs infiltration and regulating M2-like macrophage polarization.
QRHX Inhibits Angiogenesis in Lung
Cancer. CD31, endothelial cell surface antigen, is a vascular endothelial marker for MVD and TAMs have a positive effect on blood vessels by inducing the production of various proangiogenic genes [17] . Therefore, CD31 was evaluated in implanted tumors using IHC and WB. MVD stained by anti-CD31 was measured by counting tissue sections of central areas of the tumor. As shown in Figure 8 , QRHX treatment induced a remarkable reduction in MVD and CD31 protein ( < 0.01). Furthermore, IHC and WB demonstrated reduced vascular endothelial growth factor (VEGF) expression in the QRHX treated groups, relative to NS controls (Figure 8 , < 0.01). Taken together, these data clearly showed that QRHX reduced angiogenesis in lung cancer.
QRHX Blocks CXCL 12/CXCR4/JNK2/STAT3 Signaling
Pathways. To investigate the molecular mechanism underlying the formulae decreasing M2 macrophages, we tested the effects of inhibitors of signaling molecules. CXCL12/CXCR4 and JNK2/STAT3 are known to be important molecules involved in M2 polarization [18, 19] . Compared to NS group, oral administration of QRHX dramatically attenuated the increased expressions of CXCL12 and CXCR4 in tumor tissue (Figure 9(a) , < 0.01). As shown in Figure 9 (b), JAK2 and STAT3 activation was significantly suppressed by QRHX treatment (both, < 0.01) compared to NS group. Taking together, the data suggested that QRHX inhibited tumor cell-TAMs interactions possibly through blocking CXCL12/CXCR4/JAK2/STAT3 signaling pathways and then regulated macrophages polarization.
Discussion
In the present study, our data demonstrated that QRHX played a more crucial role in inhibiting tumor growth by modulating tumor microenvironment, especially TAMs. QRHX inhibited tumor cell-TAMs interactions via the suppression of cancer-related inflammation and probably blocking the response of macrophages to tumor signals, CXCL12/CXCR4/JAK2/STAT3 axis. In the nineteenth century, the association between cancer and inflammation was firstly put forward [20] . Large number of studies provided powerful evidence that chronic inflammation can promote tumor development, progression, and metastasis, as well as chemoresistance [16, 21] . Recent studies have confirmed that paeoniflorin, baicalein, and wogonin, important ingredients of QRHX, had the potential to inhibit many types of inflammation [22] [23] [24] . Furthermore, baicalein and wogonin exerted obvious inhibitory effects on cancer as well as macrophages and angiogenesis [24, 25] . Paeoniflorin, one of major ingredients, could reduce lung metastasis of LLC through inhibiting the M2 activation [26] . In addition, the cytokines produced by activated innate immune cells in tumor microenvironment can stimulate tumorigenesis, such as IL-6 and TNF- [27] . Our results showed a remarkable decrease in multiple proinflammatory cytokines such as TNF-a and IL-6 both in serum and tumor tissue of subcutaneous mouse model (Figure 2) , suggesting the inhibitory effect of QRHX on cancer-related inflammation.
Tumor microenvironment, created by the tumor and mainly orchestrated by inflammatory cells, contributes to tumor escape, growth, progression, and evolution toward metastasis [28, 29] . Numerous studies in recent decade have presented evidences that TCM have a good effect on regulating tumor microenvironment, such as reversing the immunosuppressive microenvironment [11] . Macrophages, a basic component of the innate immune system, are infiltrated in virtually all malignancies. TAMs, M2-like polarized style, have been regarded as a protumor inflammatory microenvironment, which links inflammation and cancer [15] . Collective evidences demonstrate that TAMs have the ability of enhancing tumor angiogenesis, increasing migration and invasion, and suppressing the antitumor immune responses. It is correlated with the prognosis of patients with malignant tumor, such as lung cancer [30, 31] . Consistent with previous studies, in this study, we detected that the fraction of TAMs was increased in tumor and QRHX inhibited tumor growth in the tumor mice model through decreasing accumulating of TAMs and activation of M2.
CXCR4, which is widely expressed on malignant cells and binds to CXCL12 [32] , plays an important role in hematopoiesis, development, and organization of the immune system by directly and indirectly mechanisms [33] . For example, in NSCLC, CXCL12-CXCR4 axis is involved in metastasis and associated with an unfavorable prognosis [34] ; in ovarian cancer, it can control accumulation of human MDSCs and is an independent prognostic factor for tumor progression [35] . Several studies have reported that CXCL12 plays an important role in monocyte recruitment, differentiation, and function [18, 36] . In a mouse model of lung cancer, CXCL12 could recruit tumor-promoting myeloid CD11b+ cells [19] . Besides, powerful evidences indicate a role for CXCR4-CXCL12 axis in promoting macrophages polarization toward the M2 phenotype [37, 38] . In addition, M2 subpopulation is associated with angiogenic factors such as VEGF and CXCL12-CXCR4 axis can also promote tumor vascularization [39] . Excitedly, our results showed QRHX treatment inhibited signaling from tumor cells to macrophages through inducing a remarkable decrease in CXCL12 and CXCR4. Furthermore, QRHX inhibited angiogenesis likely through altering the tumor microenvironment by targeting TAMs. In STAT family, there are seven proteins; STAT3 is one of them. It is a key transcription factor transducing signals from activated receptors or intracellular kinases to the nucleus and can be activated in tumor cells and immune cells [40] . In tumor, STAT3 could contribute to cancer development and progression, inhibit apoptosis of tumors, and help tumor escape immune system by suppressing the immune response [41] . Evidence indicated that when STAT3 binds to some receptor, it can be activated through Janus Kinases (JAKs), such as JAK2 [42] . Accumulating evidence implicates the important role of JAK2/STAT3 in tumor and macrophage polarization [27] . For instance, IL-6 can contribute to tumor cell survival and upregulate the antiapoptotic genes by driving JAK2/STAT3 signal [43] ; IFN-/ activates macrophage by JAK-STAT signaling pathway [42] . What is more, JAK2 is associated with CXCR4 [39] . Then we can draw that TAMs in malignant tumors tend to M2 subtype possibly through CXCL12/CXCR4/JAK2/STAT3 signaling pathway. QRHX treatment blocked the response of macrophages to tumor signals by suppressing CXCL12/CXCR4/JAK2/STAT3 expression and induced a remarkable decrease of the recruitment of M2 macrophages, suggesting the attenuation of M2 subtype cells function by QRHX. In TCM theory, TCM formulae have abundant medicinal materials and then regulate diseases through multitargets and multiways. Although the chemical constituents of QRHX have been separated and identified by HPLUNG CANCER-Q/TOF MS-UV method in our team ( Supplementary Figure 1 and Table 1 ), the ingredients are various and their functions are enormous. So, there may be other mechanisms involved in macrophage polarization. What is more, there are diverse types cells in tumor, except for tumor cells and macrophage. Moreover, it is worth mentioning that TAMs were not separated and extracted from tumor tissue. CXCL12, CXCR4, JAK2, and STAT3 can not only play significant role in tumor cell or macrophage, but also other cells, such as T lymphocyte, neutrophils, tumor-associated fibroblast, and endothelial cells. Therefore, QRHX inhibited the CXCL12/CXCR4/JAK2/STAT3 axis possibly through other cells. Taken together, further investigations are needed to identify direct molecular targets of QRHX in macrophages in the context of cancer.
Conclusion
In conclusion, data from this study revealed that QRHX could suppress cancer progression by inhibiting the tumor promotion of TAMs in subcutaneous mice model, which could contribute to elucidating the underlying regulatory mode of QRHX on lung cancer treatment.
